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Density Related Development in Andraca bipunctata 
(Walker) (Lepidoptera, Bombycidae) 

By Barundeb Banerjee * 

Density affects the dynamics of animal growth and popula¬ 
tions through a process of self-regulation (Chitty 1957). The 
functional relationship between density and development has 
been studied in several insects (Beaver 1973; Klomp 1966; 
Henneberry and Kishaba 1966; Gruys 1970) but not in any 
tropical species. This paper quantitates the effects of varying 
density levels of larval instars and fecunds of Andraca bipunc¬ 
tata (Walker) on its growth rate. Aspects of the biology of 
this moth are discussed elsewhere (Banerjee 1970, 1971, 1979). 

MATERIALS AND METHODS 

Field collected moths were kept in the insectaries under 
natural fluctuations of light, temperature and humidity. Some 
of these moths mated and laid eggs. The larvae, pupae and 
moths that sequentially emerged from these eggs were used in 
the experiments on density effects. 

Moths were kept in densities of 5, 10, 15, 20 and 25 pairs 
(1: 1 sex ratio) in insectary jars (diameter 30 cm.; height 
40 cm.) and the total number of eggs laid by these pairs dur¬ 
ing an oviposition period of seven days was recorded. Sex wise 
survival of these moths was noted at intervals of seven and 
fifteen days. 

First to fifth instar larvae and pupae were reared separately 
in groups of 10, 20, 30, 40 and 50 in insectary jars mentioned 
earlier on tea leaves provided as food. Larvae and pupae in 
these containers were examined every third day to record 
growth, and mortality until 95% of the population could be 
accounted for. The three day sampling period was decided 
from a knowledge of the life cycle of the moth. In evaluating 
density effects of fifth instar larvae, larval duration as well as 
the weights of pupae that emerged at various larval densities 
were recorded, while those for pupae, eclosion and sex of 
moths were recorded. 

Each experiment had five replications with a control 
series having a single larva, pupa or moth depending on the 
nature of the experiment: all the replicates could not be run 
simultaneously. Experiments were conducted at room tem¬ 
perature varying between 23°C and 26°C under natural 
conditions of light. 

RESULTS 

1. Oviposition 

In Table 1 the number of eggs laid at different density 
levels of the months during an oviposition period of seven 
days is shown. Although the variability due to individual ovi¬ 
position within the group and mating effect could not be 
studied, average oviposition in the groups was definitely lower 
than that of single (control) pair. Increase in density led to a 
steady decline in the total and average numbers of eggs, except 
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at density level of 25, when oviposition was slightly higher 
than at 20 pair level: this possibly reflects more of individual 
variation rather than reversal of group effect. In general, low 
densities were conducive to high rate of oviposition. Thus 
during the seven day period, oviposition at density level of 25 
pairs was 61% lesser than that at single pair level. 


Table 1. Fecundity of Andraca bipunctata Walker at different density 
levels with 1 : 1 sex ratio. 


Density level 
(pairs of moths) 

Total number of eggs 
laid in seven dayfc 

Average oviposition 1 
per day per female 

1 

500 

71.43 

5 

1754 

50.11 

10 

3896 

55.65 

15 

4832 

46.00 

20 

5432 

38.80 

25 

7644 

43.68 


2 Adult survivorship 

Survivorship of the male and female moths at various 
density levels with 1 : 1 sex ratio is shown in Table 2. Moth 
survival declined with increase in the density, and at all 
densities, females survived slightly longer than that of males 
possibly to complete oviposition. Moth survival also declined 
with time because by the second week, i.e. on the 15th day 
after starting the experiment, there was on an average a 50% 
reduction in population at all density levels. Survivorship may 
therefore depend on an interaction between density level and 
time. 


Table 2. Survivorship of the adult moths of Andraca bipunctata Walker at 
different density levels with 1 : 1 sex ratio. 


Density 

Numbers surviving on: 







level 


Seventh dav 


Fifteenth dav 

(pairs of 













moth) 



Percentage 



Percentage 


Male 

Female 

of total moth 

Male 

Female 

of total moth 




surviving 



surviving 

10 

4 

4 

80 

3 

2 

50 

20 

6 

9 

75 

4 

3 

55 

30 

9 

11 

66 

7 

8 

50 

40 

13 

17 

75 

10 

12 

55 

50 

16 

18 

68 

11 

14 

50 


3. Duration of larval development 

A measure of the density effect on larval duration may 
be obtained from the relationship: 


npndtv pffprt — Mean duration of grouped larvae 

L/viioiiy cncvi ““ ■» *• i . • • ■ i . 

Mean duration of single larva 
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The ratio computed for different larval instars at various 
density levels is shown in Figure 1. A ratio of <1.00 indicates 
no difference in the duration of the developmental stages main¬ 
tained either in groups or singly, i.e. no density effect whereas 
>1.00 shows a definite density effect. The effect was significant, 
though varying, at all density levels and on all developmental 
stages. At all density levels the effect was most marked on 
fourth larval instar and least on first larval instars, i.e. the 
ratio increased. 



10 20 30 40 50 

DENSITY LEVEL 

Fig. 1. Effect of larval density levels on the duration of larval stages of 
Andraca bipunctata Walker. Density effect is computed as the ratio of 
means duration of grouped larvae to mean of single larva. 

Density levels did not however have any specific effect on 
larval mortality: the mounting sucesses in the succeeding larval 
instars were almost identical at all density levels (Table 3). 
There was an overall decline in moulting as development 
progressed but the trend was identical at various density levels. 
4. Pupal weight, eclosion and sex ratio 

Density levels of fifth larval instars affected the weight of 
the pupae that emerged in the groups. The ratio of mean group 
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Table 3. Effect of density on the percentage of moulting by larval 
instars of Andraca bipunctata Walker. Figures shown are the percentage 
of successful moulting from one larval instar to the next and are not 
continuous series. 


Instar 

Larval 

density 

10 

20 

30 

40 

50 

Instar 1 

95 

96 

80 

83 

75 

Instar 2 

85 

87 

75 

75 

70 

Instar 3 

90 

95 

80 

75 

68 

Instar 4 

80 

82 

77 

75 

70 

Instar 5 

75 

70 

70 

65 

57 


weight, i.e- weight of pupae reared at various density levels of 
fifth instars to individual weight decreased linearly with larval 
density, and at 50 density level the average weight of the pupae 
was nearly half of that at 10 density level (Figure 2). The 
correlation between density and weight was highly significant 
(tt = -0.98; PC0.01). 



Fig. 2. Effect of densities of fifth larval instars of Andraca bipunctata 
Walker on pupal weight. Density effect is measured as the ratio of 
mean pupal weight to weight of single pupa. Weight of single pupa is 
about 240 mg. 

Pupae kept at various density levels were followed to the 
emergence of moths. By and large, the percentage of eclosion 
was nearly the same at various density levels of the pupae and 
the sex ratio of the emerged moths did not vary significantly 
from an expected 1 : 1 sex ratio (Table 4). 

DISCUSSION 

Mutual interference resulting from high populations in 
restricted space affects growth, fecundity and pupal weight of 
lepidopteras (Ullyett 1950: Harrison 1964; Gruys 1970). In 
Andraca bipunctata rising larval densities prolonged duration 
of the larval stages, and reduced pupal weight, without caus¬ 
ing a significant density related mortality at any stage. How- 
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Table 4. Effect of pupal densities on percentage of eclosion and sex 
ratio in Andraca bipunctata Walker. 


Pupal density 

Percentage 
of moth 
emergence 

Average numbers of 

Male Female 

10 

94 

4 

5 

20 

93 

9 

9 

30 

95 

15 

13 

40 

92 

18 

18 

50 

92 

22 

24 


ever, in some insects population level above a threshold caused 
a density related mortality (Stenhaus 1958; Doane 1960), but 
in A. bipunctata this did not become functional possibly 
because of three reasons. First, in all experiments food supply 
was adequate for the larvae thus eliminating a source of 
mortality; second, the containers were regularly cleaned to 
avoid any bacterial or other contamination that normally 
causes mortality; third, the level of population was possibly 
not high enough to induce competition which ultimately causes 
mortality. A reduction in fecundity and longevity with increase 
in density, on the other hand, suggests chances of adult survival 
and reproduction decreases with density. Therefore density 
above a level will not have any selective advantage for the 
population. 

A differential response to increasing density levels is thus 
shown by the developing stages of Andraca bipunctata. Being 
inactive the pupae do not react in any way to density levels. 
In all cases density beyond a threshold has a negative effect 
on the developmental rates of larval instars and adult fecundity 
of Andraca bipunctata . If the effect is genetic, it could form 
a basis for selection (Gruys 1970), so that to avoid possible 
consequence like depletion of resources and consequent density 
related mortality, field populations of Andraca bipunctata will 
not become dense enough at any site for competition to 
become functional. This does not however preclude possibilities 
of a density related mortality from natural enemies which may 
have a regulatory effect on the populations of Andraca bipunc¬ 
tata (Banerjee 1979). 

ABSTRACT 

Oviposition and longevity of Andraca bipunctata Walker 
decrease with increase in moth density. Duration of each larval 
instar increases but pupal weight proportionally decreases with 
the increase in larval density. Eclosion rate and sex ratio of 
moths are not affected at different pupal densities. Differential 
responses of the developing stages of the insect to varying 
density levels suggest density above a threshold has no selec¬ 
tive advantage for the species. 
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Emus hirtus Linnaeus (Col.: Staphylinidae) at Canter¬ 
bury in 1950. — In a collection of Coleoptera taken in the 
Old Park at Canterbury in May 1950, there is a specimen of 
the very rare Emus hirtus L. which was caught in a jar of 
meat bait set for Necrophorus and other carrion species. This 
impressive rove beetle is usually taken on or in fresh cow- 
dung, but it is well known that predators are attracted to that 
medium not so much for the soup as for the maggots it 
contains, and so its occurrence in carrion is not surprising. 
This species has been recorded so rarely that this instance 
should perhaps not go unnoted, particularly in view of the 
different habitat. — John Parry, 38 Heather Drive, St. 
Michaels, Tenterden, Kent. 


NOTICE 

As we go to press, we hear of the sad news of the death 
on 10th May, of Dr. H. B. D. Kettlewell. An obituary notice 
will appear in due course. 




